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Abstract
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1. In-siw ion beam techniques

[n this paper, we describe a unique imsihi capability of combiningion beam analysiswith

ion beam modificatio~ developed at the km Beam Materials Laboratory(~ML) at Los Al-

Ntttionai Laboratory. The detailed description of ion beam fkcilitks at the IBML has bem

published in W. I and this paper will only ks on the in+itu perspective of the thcilities.Ftgure

1 show a schematic diagmn of the indu target chamber, also called the SU* modificalimi

chamber. The chamber, in a dimension cf 0.3 m diameter and 0.25 m height is connected with

beam-lines of a 200 kV ion implanter used h surhoe modification and a 3M’V t-

acce!uator used for sutfkce chamcterization. The chamber is equipped with a multi-b

~o~ and a cold and hot sample stage. llM angular motions (sample spin ad Imul

rotation) of the gouioulew are camputw Umtrcdled.m @mpemwm of samplestage an be

varied flom-IOO to500Cvia liquid nhrogen oooling admaister heating. Two m&e W

detaxorsare instdldinth echamberfbrthe~ of backscatteling - (REs)mlb

-ofvaryhlg inddemtand scaws'@@olwtryauowa kmchannelingand glaming~

mammeln’rkimbtion beamspoton the~aik~is abwt6rnm~d

tbeanalytial bamof2mmdiamuter isoetutiin bimdia&nspot. Theoharge~Of—

h% kdiatbn kutitakenfkomaftxtr~ &llector locat& on the 200 kV

kliwn~ti~. ti~ofeh isdtidyatiti ilotnthe~

Tlw capabilityof hdiatkm andsequattial andyais providaaneffiaent andreliab!e nwtlmdto

ion-beam-induoed _ regrowth for tiOUS rnaw&IM TWOexamples of using ititM



capability, radiation damage in MgAl@4 and

films, are given below.

2. Radiationdamage in MgAl@4

ion-beam-induceddensification of sol-gel zircmia

Radiatione!lkcts in MgAi204 (spinal) has been a research subject of interest because of its

radiation resistance and potcIuiaI appti~ons in radioactive environments. A study of the

temperature eilkct on mdiation d- ti single -al spinel has been conducted rewndy usiq

the in-sifu ion beam facilities at the IBML [2]. For sequem.ial analyti~ a 2 MeV He ion beam 6om

the tandem was first slimed along the (110) fis of a (100) spinel wak prior to immdiation. ‘1’k

the sample was brought to a d~~ t~~~m for in-aohion, FclIowing each irradiation with

~ incrementaldose using 370 keV X& io~ fim the ion implant=, an aligned RRS s~

was scquemtidlytaken from the WIIWspot. figure 2a show examples of sequential chant-

~ ~ tim a @ml sample irmdiatd to various doses up to 8x1O” Xakm2 at 120 T. In

~to~~ m ed ~ h radiation-inducd damage rdcred in spinal ~

with inmaaing ~ dose. H~, theanwlto fdamaged oesnotrewha Mly*

levelup to a dose 2X10’CXdcrnz (~ IIMSIWWII)u whiohthe estimated peak damage 1A

&abcmt50diap~s perar~(dp@. wamotutr ofdamage ret&wdm the Al aml N@
.—

Catiolt lattkuinqpmad thrmlghtheitldbldlaycr[2] hasbesnauraaed fi’omthechannalg

~ ~ 6S.~ ~ pti~ in fig. 2b u ● fimtion of irradiation dose. ‘Xlwsechannelingmdta

- that spinalretains uystallinity U* ion irradiation at 120 W Up to SOdpa. This is in ~

contrast to the ion irradiation at -170 “C ~ amo~hizationwasf&nd at25 dpa [3]. Based oti

tiCS studies on temperature eflkct. a ~iation ~mulation model in sphel is currently und-

development●t the tBML.
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3. Ion-beam-induceddensificationof zirconia sol-gel films

Densificationof zirconia sol-gel films induced by ion-beam has been found recently by

Levineet al. [4,5]. However, the initial conditions and non-unifbrrnityof films depending on the

sol-gel processing significantly akt the mte of densification and thus complicate the

q~itative understanding of ion-beam-induceddensification. Thereforq the in-sifu analysis on

the same sample spot provides a reliable way to limit the variation of experimental ~

Figure 3a shrws RBS spectra of SO1-geJzir-onia ljlxnscoated en Si(100) wnk bdon d *

280 keV Ne ion imadiitions at -100 “c to wuious doses up to 3X10’6Ndcmz, The increase in the

haght and the decrease in the width of the Zr RBS signal coincide with the densification of

?iroonk films due to the loss of ~ C, ad O. Figure 3b ahuws the experimen!sddata of rehtive

change inZr RBS height as a finction of No dose. The eqerhmd datacan beweufittedbym

mnbimtionoftwo exponential tama. By fiutlwranalyzingtkchangeofthez rheigh4 amitk

inwdvedin the ion-bum-induced denaificationwill be ~lained.

4. summaryandWureplans
1

‘I’he-t and tie in-situ ion bm qebili~’-@vides a powerful ti _

metbdtomedifyand chmddzethe materM~seq&uMly. mhkd~

km-idod daraification of s&gel zirconia thin films. We are in the prooess of ddhg b

_ _tY of both energy diapaaive x-ray difkctb (a! SIUW@ ~ fIOIWh

angla) and patticle induced x-ray emission into the indtu chamber for detecting new phtW



formation and trace elements. w exclrner laser will be coupled to the chamber for laser-solid

interaction studies.

References

[1] J.R. Tesmer, D.M. Ptiw and C.J. Maggiore, Mater. Res. SOC.Bull. XII (1987) 101.

[2] N. Yu, M. Nastasi, M.G. Hollander, C.R. Evaw C,]. Maggiorq K.E. Si:kafhs, J.R. Tesmer,

Mat. Res. SW Symp. Proc. .?16 (1994) 69.

[3] N. Yu, K.E. Sickafus, and M. Nastasi, Philos. Msg. Lett. 70 (1994) 235.

[4] T.E. tine, J.L. Keddie, P. ltevesq J. W. Mayer, and E.P. Giannelis, J. Am. Ceram. Sot. 76

(1993) 1369.

[5] T.E. Levin”bP. Revesq E.P. Gianaelis, and J. W. Mayer, J. Vat. SU. Technol. B 12 (1994)

986.

—



Figure captions

Figure 1 Schematic drawing of top ~tiew of the irmru surface modification chamb

comected with a beam-line of 3MV taudem acceleratorand a beam-line of 200 kV ion imphintcr.

Figure 2 (a) Aligned backscattering spectra from single crySCd h@~204 NTadiad

sequentially with 370 keV Xe ions at :20 ‘C, along with a random spectrum; (b) damage !kthn

of Al and Mg cation sublattice as a fhnction of Xe dose.

Figure 3 (a) Backscarter,q suectm !lom sol-gel zirmnia thin films on Si (100) uA&

irradiated sequentially with 280 keV Ne ions at -100 “C; (b) relative hcrease in Zr RBS ~

whh increasing Ne dose.
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